Established developmental dysplasia of the hip (DDH) represents one of the more common musculoskeletal disorders in childhood, with a reported prevalence of 0.1-2 per 1,000 infants.
Clinics in Orthopedic Surgery
For early detection of DDH, neonatal hip screening was advocated by von Rosen. 4) Indeed, neonatal hip screening using clinical examination techniques has shown excellent results in some reports. [5] [6] [7] [8] However, these methods could not succeed in preventing late presentation of DDH. [9] [10] [11] [12] The Ortolani and Barlow clinical tests for neonatal hip instability can result in high numbers of false-positive and false-negative results, especially in inexperienced hands. 10, 11, 13) Nevertheless, there is evidence that neonatal clinical examination by expert examiners can favorably influence rates of late presentation. 8) Although US examination either by static or dynamic means is now well established, 14) and that US offers specificity and sensitivity in excess of 90%, 15) universal screening of all newborns with hip US is not generally recommended. However, screening of all newborn infants with a physical examination followed by selective use of US is widely accepted. 1, 16, 17) We also applied this protocol and provided the result in a previous report. 18) On the other hand, previous studies reported that there were some discrepancies between the results from clinical examination and US examination. 19, 20) However, those studies had limitations: clinical examinations were performed by a group of examiners of varying levels of experience, and different examiners performed the clinical and US examinations. These factors may have resulted in a lack of concordance between the two screening methods. There may have been technical issues that arose due to the relative inexperience of the examiners, possible interobserver error from clinical examination, or operator dependency in relation to how US examinations were performed or interpreted.
Therefore, we prospectively assessed the level of agreement between clinical instability, sonographic morphology and sonographic instability, when one experienced pediatric orthopedic surgeon performed both the clinical examinations and selective US examinations for all babies.
METHODS
In Korea University Anam Hospital, neonatal hip screening using selective ultrasound had been performed since 1996 according to the same protocol. All the babies in the neonatal units received a physical examination within 1 week after birth or admission to the neonatal unit by one experienced pediatric orthopedic surgeon. Babies referred from other institutes under the presumptive impression of hip dysplasia also received the same hip screening procedure at the time of visiting the pediatric orthopedic department. From January 2004 to June 2009, 2,686 babies in neonatal units and 43 babies who were referred before the age of 3 months were included in this study. Of the 2,686 babies who were examined in the neonatal unit, 1,453 babies (54%) were boys and the remaining 1,233 babies (46%) were girls. The distribution of body weight at birth was as follows: 67 babies (2.5%), under 1 kg; 107 (4.0%), 1-1.5 kg; 496 (18.5%), 1.5-2.5 kg; 1,921 (71.5%), 2.5-4.0 kg; and 95 (3.5%), over 4.0 kg.
The Barlow and Ortolani test was used for the physical examinations. Based on the examination results, hips were subjectively divided into the following 5 groups: (1) normal; (2) noisy hip or suspicious instability; (3) subluxatable; (4) dislocatable or dislocated; and (5) limited abduction similar to the clinical assessment of hip stability described by Laborie et al. 21) US examination was selectively performed in babies with abnormalities according to clinical hip examination as described above, risk factors such as leg asymmetry, i.e., different thigh fold and leg length discrepancy, foot deformity or torticollis, and female babies with breech presentation. All US examinations were completed within 2 weeks (most within 1 week) after the clinical examination, and were performed for both hips by the same pediatric orthopedic surgeon who did the clinical screening, or under his supervision. US examination was performed using the 7.5 MHz linear US transducer and iU22 (Philips Ultrasound, Bothell, WA, USA) real-time US machine was used.
According to Graf methods, 22) coronal scans of each hip were obtained, and significant emphasis was placed on producing the correct standard section. Based on morphological features and the alpha and beta angles, the hips were divided into 4 groups according to a modified version of the Graf method: 23) (1) Graf I (normal); (2) Graf IIa (immature); (3) Graf IIc (minor dysplasia); and (4) Graf IId or higher dysplasia (major dysplasia which needs treatment).
In order to determine hip stability by ultrasound, a modified Barlow maneuver (a provocation test) was performed during US examination. Based on the concentricity and the gap between the acetabulum and femoral head, US stability of the hips was divided into 4 groups according to a modified version of the Rosendahl method. 24) These groups are (1) stable: no gap or minimal gap between the femoral head and acetabulum, or slight cranial deflection of the labrum; (2) minor instability: a gap can be visualized between the femoral head and the acetabulum; (3) major instability: a gap over 1/2 of the acetabular depth including dislocatable but relocated after release of stress; and (4) definitions, stable hips were categorized as normal and recommended for open follow-up, and hips with minor instability were considered borderline and recommended for regular US follow-up without treatment until normal US morphology and stability were obtained. The hips with major instability were recommended for close US observation with treatment such as Pavlik methods.
The classified grades for clinical stability, sonographic stability and sonographic morphology were compared respectively. From clinical examination, the 'limited abduction' group, which is not associated with hip instability itself, was not included. The associations of grades of the 3 examinations were checked using correlation analysis and Kendall's coefficient of concordance. The statistical evaluation was performed using SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) and p-values less than 0.05 were considered statistically significant.
RESULTS
Of the 2,729 babies included in this study, selective US examinations were performed for 156 babies (5.7%). Clinical abnormalities in 115 babies (19 hip noise, 77 subluxatable, 10 dislocating or dislocated, and 9 limited abduction on the worse side) led to US examination. Additionally, 41 babies with clinically normal hips underwent US examination due to the presence of one or more of the risk factors described earlier. US examination was performed in both hips of 156 babies, giving a total of 312 hips. Clinical presentations of the 312 hips, which received US examination, were as follows; normal hips in 176 (56.4%), hip noise in 26 (8.3%), subluxatable hips in 82 (26.3%), dislocating or dislocated hips in 19 (6.1%), and limited abduction of hips in 9 (2.9%). For assessment of sonographic morphology, 223 hips (72%) were Graf I, 70 hips (22%) were Graf IIa, 14 hips (4%) were Graf IIc, and 5 hips (2%) were Graf IId or higher. Sonographic instability assessment revealed that 203 hips (65%) were normal, 68 hips (22%) had minor instability, 38 hips (12%) had major instability, and 3 hips (1%) were dislocated.
Correlation between Sonographic Morphology and Sonographic Stability
The correlation analysis between sonographic morphology and sonographic stability is shown in Table 1 . Among the 203 hips that were stable on dynamic US examination, 188 (92.6%) were Graf I (normal morphology), 14 (6.9%) were Graf IIa, and only 1 (0.5%) was Graf IIc. None were Graf IId or higher on static US examination. Among the 68 hips that had minor instability, 64 (94.1%) were Graf I or Graf IIa and 4 (5.9%) were Graf IIc. Of the 38 hips included in the major instability group, 7 (18.4%) were Graf I, 20 (52.6%) were Graf IIa, 9 (23.7%) were Graf IIc, and the remaining 2 (5.3%) were Graf IId or higher. All 3 dislocated hips were Graf IId or higher dysplasia on dynamic US examination. Among the 223 hips grouped as Graf I on static US examination, 216 (96.9%) were stable or had minor instability on dynamic US examination, but all 5 dysplastic hips had major instability or were dislocated on dynamic US examination. Additionally, 71% (27 of 38) of the hips with major instability on dynamic US examination were Graf I or IIa on static US examination. The Kendall's coefficient of concordance was 0.64, implying a positive correlation between sonographic morphology and stability.
Correlation between Clinical Stability and Sonographic Morphology
Among the 176 hips adjudged as normal on clinical examination, 171 (97.2%) were Graf I or IIa on static US examination. All 26 noisy hips were Graf I or IIa on static US examination. Of the 82 subluxatable hips, 76 (92.7%) were Graf I or IIa, only 3 (3.6%) were Graf IIc, and the remaining 3 hips were Graf IId or higher. Fourteen (73.7%) of the Table 2 ). The hips of limited abduction were excluded in the correlation analysis because this finding could be caused by adduction contracture of the hip in babies with congenital pelvic obliquity (a feature of moulded baby syndrome), and is not associated with clinical instability. Clinical stability and sonographic morphology were weakly correlated, with a correlation coefficient of 0.37.
Correlation between Clinical Stability and Sonographic Stability
Among the 176 hips adjudged normal on clinical examination, 141 (80.1%) were stable on dynamic US examination, 27 (15.3%) had minor instability, and the remaining 8 (4.5%) had major instability. Among the 26 noisy hips, only 2 (7.7%) exhibited major instability, while out of the 82 subluxatable hips, 63 (76.8%) were stable or had minor instability, 18 hips (21.9%) had major instability and 1 hip was dislocated on dynamic US examination. Only one of the 19 dislocating hips was stable and 7 had minor instability. On dynamic US examination, these 8 hips (42.1%) were included as normal variants. Of the 9 limited abduction hips, 6 hips were stable, 2 had minor instability, and 1 had major instability ( Table 3 ). The correlation coefficient between clinical stability and sonographic stability was only 0.39, indicating a weak correlation between the results of the 2 examinations.
DISCUSSION
The purpose of current study was to clarify the correlation between clinical examination and sonographic result in neonatal hip screening for DDH. Despite the fact that all procedures in our study were performed or supervised by one experienced pediatric orthopedic surgeon, the correlations between clinical stability and sonographic results were weak. Under the assumption that US examination is more reliable than clinical examination, these weak correlations contradict the suggestions of some previous studies. The findings in this study suggest that 'only clinical Kendall's coefficient of concordance = 0.39. examination' has definite limitations as a diagnostic tool for DDH. Paton et al. 2) had reported that an abnormality was not found on US examination in an at-risk infant with a clinically normal hip, and that the routine development of targeted US screening for at-risk hips as a national program could not be justified based on a cost-benefit analysis. Another study reported a high association between hip US morphology and stability. 25) However, the interobserver reliability of clinical and US examinations for DDH is low in much of the literature. This low sensitivity may be partly explained by technical problems arising from the involvement of many examiners of different levels of experience, [26] [27] [28] or by interobserver variability in US image acquisition and measurement. 29) Therefore, they emphasized the need for an experienced examiner to ensure screening accuracy. [26] [27] [28] All examinations in this study were performed or supervised by one experienced pediatric orthopedic surgeon so as to minimize the bias from inexperienced examiners and to reduce interobserver error, but still the correlation was found to below. A previous study also reported that sonography after physical examination by even experienced orthopedic surgeons led to a change in diagnosis in 52% of hips and a change in the management plan among 32% of hips. 30) These findings demonstrated the risk of 'neonatal hip screening by only clinical examination. ' The correlation between sonographic morphology and stability was strong in this study, and this finding is consistent with that of Rosendahl et al. 23) who reported that morphology and stability are strongly associated in neonatal hips. The correlation coefficient in that report was 0.95, indicating a stronger correlation than that observed in this study. This difference may be due to the difference in the scope of US examination application (i.e., universal or selective). The majority of cases included in the study by Rosendahl et al. 23) had clinically normal hips that also exhibited normal US findings. In contrast, only hips with suspected DDH by clinical screening were included in this study, implying that the correlation between sonographic stability and morphology is also strong in neonatal hips with suspected DDH.
However, there are some cases showing inconsistencies between the 2 types of US examinations in this study. Major instability on dynamic US examination is a meaningful finding for treatment and follow-up, but most of the hips with major instability were Graf IIa or below. Normal morphology (Graf I) was also observed in 18% of those hips on static US examination. Malkawi et al. 19) reported a similar result in which there were many unstable hips with sonographic normal or immature -but not dysplasticmorphology in the neonatal period because bony changes took longer to be seen or become evident. Rosendahl et al. 24, 25) also reported that 25%-49% of unstable hips had normal or immature morphology. This study supports that report. This discordance suggests that there are many unstable hips with normal morphology, and the use of static US examination only, which was recommended by some authors, 31) may lead to an underestimation of instability. Limited abduction is a clinically significant finding that is usually assumed to be a diagnostic clue for DDH, and was found in 9 hips. Among these, only one hip had major instability on dynamic US examination, 3 hips had Graf IIc dysplasia, but no hip was dislocated. This result indicates that some hips that exhibited limited abduction at this age were not related to DDH. Congenital pelvic obliquity with adduction contracture of the hip, a feature of moulded baby syndrome, could show the same clinical finding due to abduction contracture. 9) Because clinical examination cannot distinguish this feature from hip dysplasia, hips with limited abduction should be examined by US in order to confirm whether the hip is dysplastic or not.
The course of management of hips in this study was decided based upon morphology and stability after US examination, comparable to the protocol of Rosendahl et al. 27) Babies with normal US morphology and stability were discharged with no treatment. Any babies with hips of abnormal US morphology or instability underwent US follow-up with or without treatment, using the Pavlik method until normal US morphology and stability were obtained. Treatment with Pavlik methods was applied to 44 babies. These babies were (1) of Graf IId or higher on US morphology; (2) of major instability or dislocated on dynamic US; and (3) had failed normalization of type Graf IIb or IIc on US morphology, or minor instability on US. The incidence of treatment in this study does not reflect the true rate of the usual population. The rather higher rate of treatment may be explained by the characteristics of sample used in this study. For example, one factor is that most babies included in this study were referred from another hospital for various causes during the neonatal period; another is the inclusion of 43 babies who were referred after screening at another hospital, and who were presumed to have higher incidence of DDH.
Previous studies have reported that universal US screening can prevent late-presenting DDH. 3, 32) However, other authors have reported on cases of DDH undetectable by US examination. 1, 33) Therefore, 'surveillance for late-presenting DDH' is recommended and applied. 7, 21) The current study demonstrates the limitation of 'clinical screening only' in the neonatal period in terms of detection of hip dysplasia and decisions for treatment. This may suggest that 'clinical screening only' should be followed by surveillance or alternatively supplemented with selective or universal US screening to minimize the incidence of the late-presenting DDH.
This study has its own limitations. There was a time gap between the clinical and US examinations. The interval varied from 3 hours to 2 weeks, with an average period of 5 days. Although this interval is not particularly long, the status of the hip could have changed during that period. Another limitation of this study is that the sample size is not large. The small sample size was a consequence of the fact that we only included cases for which all examinations were performed by the same experienced orthopedic surgeon.
In conclusion, this study focused on prospective hip screening performed using selective US examination by a single experienced pediatric orthopedic surgeon among babies referred to neonatal units. A disparity between clinical findings and US findings has been identified even when all examinations were performed by a single experienced pediatric orthopedic surgeon. 'clinical examination only' screening has some limitations at this stage. It is therefore recommended that, in addition to clinical examination, checks of both sonographic morphology and stability should be considered in screening for DDH.
